Four experiments involving 16 pens of 8 to 10 crossbred steer calves each were conducted at Yuma, Arizona. Initial and final weights were approximately 170 and 275 kg, respectively. The experimental design was a 2 x 2 x 4 factorial replicated over 2 yr with main effects for season (summer, winter), diet (H = ground alfalfa hay, H + G = 50% ground alfalfa, 47.5% dry-rolled wheat and 2.5% molasses) and water source (N= normal, S = saline) during two consecutive 56-d periods in each experiment (N-N, N-S, S-N, S-S). Normal water contained approximately 1,300 ppm, and saline water contained approximately 6,000 ppm, total dissolved salts. Steers on the H + G diet gained 32% faster (P < .01) and consumed 4% less (P < .01) feed than those on the H diet. Gain and feed intake during winter were greater than during summer (20% and 7%, respectively, P < .01). Gain and feed intake were reduced approximately 9% (P < .01) on S water combinations compared with N-N water. Depression in gain and feed intake due to heat stress (summer season) or S water ingestion was greater on the H diet (diet x water source and diet x season interactions, P < .02). Although season x water source interactions were not significant, saline water ingestion tended to be more detrimental during periods of heat stress (summer). Apparent adaptation to saline water occurred on the H + G diet, but not on the H diet. Thus, energy density of the diet significantly influenced the response of feedlot steers to hot summer conditions and saline water ingestion.
Introduction
Water is the most important nutrient for livestock and is second only to oxygen as immediately essential for life. Water quality may be defined in many different ways. In this paper, water quality refers to the concentration of the major mineral elements occurring in water (salinity) and does not consider other potential contaminants such as algae, pathogens, radionuclides, pesticides or herbicides. In general, water salinity is the major factor determining the suitability of a particular water source for livestock (Ray, 1986) . Relatively little information is available on the effects of ingestion of saline water. Most of the research conducted has focused on the "safe upper limit" that animals can tolerate without overt signs of toxicity. The effect of various levels of salts in the drinking water on animals managed for high production has received only limited attention (NRC, 1974) .
Previous work at this station indicated that the effect of saline water ingestion was dependent on the type of diet, with 5,000 ppm total dissolved salts reducing feed intake and gain of cattle fed a high-roughage diet (Ray, 1986) . However, these studies were confounded with season of year and possibly by adaptation to saline water. Therefore, a series of experiments were initiated to in-357 vestigate the influence of diet, season and adaptation on response of feedlot steers to saline water.
Materials and Methods
Four consecutive experiments were conducted at Yuma, Arizona over a 2-yr period, with two experiments during the summer and two during winter months. Each experiment involved 16 pens of 8 to 10 crossbred steer calves each. Initial weight was approximately 170 kg. Half of the pens received a diet of ground alfalfa hay and the other half received a diet consisting of 50% ground alfalfa hay, 47.5% dry-rolled wheat and 2.5% molasses. Two pens within each diet were provided with one of four potable water combinations based on two concentrations of total dissolved salts (TDS) in two consecutive 56-d periods. The water sources were designated as normal (N) or saline (S), with normal water containing approximately 1,300 ppm TDS and saline water approximately 6,000 ppm TDS. Saline water was formulated to approximate the mineral concentrations in some underground water sources in Arizona utilized for watering livestock. The four combinations of water used in the two consecutive 56-d periods were N-N, N-S, S-N and S-S.
Saline water was prepared by adding 500 g calcium chloride, 1,400 g sodium sulfate, 300 g sodium bicarbonate, 200 g magnesium sulfate and 3,200 g sodium chloride to 948 liters of tap water and mixing for 1 to 2 h in a 1,150-liter tank. Water was mixed by continuous agitation with a submersible pump. The saline water solution was transferred to a 3,800-liter enclosed storage tank with a submersible pump for continuous circulation of the mineralized water. Mixing was conducted three times weekly so that the average length of storage for a given batch of saline water was only 1 to 2 d.
Pens, 6.1 • 24.4 m, were constructed of pipe and cable. A 4.9-m-wide shade of corrugated sheet metal extended through the center of each pen, providing a minimum of 30 m 2 of shade area per pen.
Adjacent pens shared a common waterer. Analysis of variance techniques (Steel and Torrie, 1980) were utilized to evaluate the data statistically. Each individual experiment was analyzed as a 2 x 4 factorial, with diet and water source as main effects. The combined analysis of all experiments included main effects for season, year/season, diet and water source. All two-factor interactions involving season, diet and water source were evaluated. Pen was considered the experimental unit, and the variance among pens within diet-water source-experiment subclasses was used as the error term.
Results and Discussion
Climatic conditions during each experiment are summarized in Table 1 . Ambient temperatures during the first summer trial were appreciably less than during the second summer, with an average difference in maximum and minimum temperature of 3.9 and 5.4~ respectively. Precipitation was negligible during both summer trials, as is typical for this portion of the arid southwest. Although other climatic variables influence differences between seasons, the overwhelming factor at this location is thermal load (heat stress) on the animal. Ambient temperature during the summer season was well above "upper critical temperature" values (Fuquay, 1981) . These climatic conditions have been shown in previous studies to result in heat stress among feedlot cattle (Ray et al., 1969) .
Thermal conditions during the winter trials were more similar over years than for the summer trials. These temperatures would (NRC, 1981) . All main effects influenced (P < .01) both ADG and average daily feed consumption ( Table 2) . Efficiency of gain, as measured by feed required per unit of gain (F/G) also was influenced (P < .01) by season and diet.
Gain was depressed by 18% (.89 vs 1.08 kg) during the summer compared with winter months. This depression in gain during the summer months is similar to results from our earlier studies (Ray et al., 1969) conducted at the same location, and is indicative of the effect of heat stress. Although feed intake was reduced by .43 kg during the hot summer months, the magnitude of the reduction (7%) was much less than for ADG.
The relative differences in these performance traits resulted in a substantial increase (15%) in F/G requirements (7.26 vs 6.31). If we assume that net energy requirements for gain (NEg) are similar for the two seasons, then differences in net energy for maintenance (NE m) can be calculated. Using tabular values from NRC (1984) , it was estimated that steers required 9% more NEm during the summer months. This may be considered as the increased energy requirement for thermoregulatory functions under the conditions of this study. This would be at the lower end of the range (7 to 25%) cited in NRC (1981) for increased NE m required during heat stress.
Diet had the greatest influence on ADG in this study (Table 2) . Steers fed the higher- b'CMeans within variable and main effect with different superscripts differ (P < .05). energy diet gained 32% faster (1.12 vs .85 kg/d) than those fed alfalfa hay only. However, this difference in gain is less than would be predicted using the net energy system (NRC, 1984) . Average feed consumption of the hay diet was slightly higher (4%) than for the higher energy diet, with F/G being 18% less on the latter diet. On an energetic basis, however, efficiency of gain favored steers on the hay diet. Predicted difference in gain on the two diets was .46 kg/d, whereas the actual difference was only .27 kg/d.
Overall ADG with the three saline water combinations (N-S, S-N, S-S) were similar and approximately 9% less than for steers receiving normal water throughout the experiments (Table 2 ). Feed intake also was depressed approximately 9% with saline water, and F/G was increased approximately 4% on these treatments.
South Dakota workers (Embry et al., 1959) reported that 7,000 ppm of sodium sulfate or of sodium chloride in drinking water did not affect rate of gain of cattle under a feedlot situation. Reduced weight gains were noted with 10,000 ppm sodium chloride, and severe toxic effects were noted for 10,000 ppm sodium sulfate (weight loss, severe scouring, rapid and difficult respiration and incoordination). They also reported that a mixture of salts (sodium chloride, magnesium sulfate and sodium sulfate) equivalent to 7,000 ppm did not affect weight gains. Scientists in Nevada found that 10,000 ppm sodium chloride in drinking water did not depress gains of beef heifers fed a diet of alfalfa hay (Weeth et al., 1960) . In later studies, they reported that 2,500 ppm of sodium sulfate was the upper limit before performance suffered (Weeth and Capps, 1972) . Their experiments lasted only 30 d. In contrast to the above studies, Saul and Flinn (1985) reported a substantial reduction in live weight gain for heifers receiving 5,000 to 7,000 ppm soluble salts in their drinking water. Their experiment was conducted over a 79-d period under drylot conditions with a diet promoting relatively low rates of gain (.46 kg/d among controis).
The two-factor interactions involving diet (diet • season, diet x water) were significant for the three measures of feedlot performance. For all performance traits the difference between seasons was greater for the hay diet than for the higher-energy diet (Table 3) . b'CMeans with different superscripts within variable and diet differ (P < .05).
The magnitude of seasonal differences was approximately two to three times greater on the hay diet than on the hay + grain diet. Many authors attribute reduced gain during periods of heat stress primarily to reduced feed consumption. However, these results indicate that the reduction in gain is due not only to reduced feed intake but also to the partitioning of dietary energy to maintenance and productive functions. If we assume that the metabolic efficiency of tissue deposition is constant, then maintenance functions require a greater proportion of dietary energy during heat stress. Thus, the detrimental effects of summer heat stress on gain and efficiency would be more evident on a lowerenergy diet. These differences in performance probably are due in part to the relative heat increments of the two diets , and would promote the use of low-roughage diets during periods of heat stress.
The diet x water interactions were due to the inconsistent response between diets of steers receiving saline water continuously (S-S) in comparison to the other saline water combinations (Table 4) . Daily gain was reduced by approximately the same magnitude on the "switch-over" water treatments (N-S and S-N) for both diets. However, the response within diets for the groups continuously on saline water (S-S) was markedly different. Gain by steers on the hay diet and S-S water was 20% slower (P < .05) than on N-N, whereas for the hay + grain diet, gains for the comparable groups were almost identical (P > .05). Similar trends were noted for feed intake, with a 14% (6.07 vs 7.04 kg) reduction (P < .05) on the hay diet and only a 4% (6.44 vs 6.68 kg) reduction (P > .05) on the hay + grain diet. These relative differences resulted in feed/gain being greatest among steers on S-S water and hay (S-S vs N-N, P < .05), whereas it was least for the same water treatment on the higher energy diet (P > .05).
As previously mentioned, least squares means for the main effects did not indicate adaptation to saline water ingestion when averaged across both diets. However, comparison of the response of steers in the S-S groups necessitated reassessment of this conclusion. Data presented in Table 5 subdivide each experiment into the two 56-d periods. The values are the relative performance of S-S groups on each diet in comparison to N-N groups. Only the summer trials are included in these comparisons, because the influence of saline water ingestion was more obvious with heat stress. On the hay diet, gain and feed intake were comparable for the two 56-d periods, although there was a slight improvement in relative gain during Period 2. In comparison, steers on the hay + grain diet exhibited a "rebound" in relative gain (P < .01) and feed intake during Period 2. These data would indicate that steers fed the higher-energy diet adapted to saline water ingestion, whereas those fed the all-roughage diet did not adapt.
We expected that steers would be more sensitive to saline water ingestion when exposed to heat stress (summer), and thus anticipated that season x water interactions would be significant. The overall analysis of variance did not substantiate this hypothesis. However, there was a trend for all performance traits to be more depressed on the various saline water combinations during the summer months compared with winter (Table 6 ). Compared to N-N groups, S-S water reduced gain 13% (P < .05) during the summer trials but only by 5% (P > .05) during the winter trials. Comparable comparisons for feed intake were 11 (P < .05) and 7% (P < .05) and for feed/gain, 6% (P < .05) and 2% (P > .05). The lack of a significant interaction may have been due to relatively mild climatic conditions during the first summer trial. Average maximum temperatures were 33.4 and 37.3~ during the first and second summer experiments, respectively. Number of days with maximum temperature /> 37.8~ were 47 vs 69 for the respective summer trials. Average depression in gain for all saline treatments combined compared with N-N was only .06 kg/d (P > .05) during the first summer. The comparable value for the second summer was .15 kg/d (P < .05). Thus, we may conclude that response of feedlot steers to saline water ingestion is influenced by thermal stress. avalues are S-S as percentage of N-N, summer trials only. N = 1,300 ppm dissolved salts, S = 6,000 ppm dissolved salts. Combinations of N and S refer to water source during consecutive 56-d periods. Each mean represents 16 pens.
b'cperiod means within diet and variable with different superscripts differ (P < .01). b'CMeans with different superscripts within variable and season differ (P < .05).
Due to the physical design of the experimental feeding facility, two adjacent pens shared the same water source. Water intake data thus was based on a total of 32 observations (8 per experiment).
As expected, water consumption was greater (32.1 vs 27.9 liters/d, P < .01) during the summer months, although the magnitude of the difference (15%) was less than expected (Table 2) . Steers fed the hay diet drank 24% more water (33.2 vs 26.7 liters/d, P < .01) than those receiving the higher-energy diet.
Differences among the various water sources in water consumption were less than expected. The highest consumption occurred among steers receiving saline water throughout the study (31.3 liters/d), which was 2.0 liters/d greater than the control (nonsignificant). None of the interactions among the main effects were significant.
Correlations between water consumption and performance traits were calculated on the entire data set and also subdivided by season or by diet (Table 7) . Based on all the data, there was no relationship between water consumption and feed intake (r = .02). This differs from the frequently cited work of Winchester and Morris (1956) , who concluded that water intake is a function of dry matter intake. Surprisingly, a large negative relationship (-.70, P < .01) existed between water intake and daily gain. Also, water intake and feed/gain were correlated positively (.72, P < .01). The apparent interpretation of these correlations is that groups of animals with lower water consumption patterns had more rapid and efficient gains. Faster gains during winter than summer and with the hay + grain than with the hay diet probably are involved. Correlations among the same variables within season were similar to the overall correlations. When subdivided by diet, none of the correlations within the hay diet were significant, whereas on the hay + grain diet, significant correlations existed between water consumption and gain or feed efficiency.
A limited amount of research has been reported relating water intake to other performance traits in beef cattle. Most of the studies have involved water restriction and have not considered the relationships between ad libitum water intake and gain or feed efficiency. Musimba et al. (1987b) concluded that watering frequency (once/d vs once/2 d or once/3 d) did not influence weight changes of steers on pasture in Kenya. Although water intake was not reported by Musimba et al. (1987b) , Weeth et al. (1968) reported a 30% reduction in water intake with once/2 d vs ad libitum watering regimens.
Reduced water intake has been shown to increase digestibility (Johnson et al., 1966; Thornton and Yates, 1968) ; this may be due to a decrease in particulate passage rate (Musimba et al., 1987a) . Thus, the correlations observed in this experiment may be explained partially by reduced rate of passage and increased digestibility of the diet. It also is possible that efficiency of water utilization may be related positively to other measures of efficiency, such as gain and feed/gain, all of which may be indicative of adaptation to specific production environments. Investigations pursuing this line of reasoning are warranted.
The results of these experiments demonstrate that energy density of the diet influenced the performance of feedlot steers exposed to heat stress or saline water ingestion. A higherenergy diet reduced the detrimental influences of both factors. Correlations between ad libitum water intake and measures of feedlot performance suggest that mechanisms favoring adaptation are related.
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